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The Impact of Inquiry-Based Science Programs on 
Student Achievement, English Learners, and  

Closing the Achievement Gap  
Today’s Reality 

In God We Trust,  

Everyone Else Bring Data 

How Students Learn Science 
National Research Council (2005) 

•! Engage to activate prior knowledge 

•! Develop competence 

–! Deep foundation of factual knowledge 

–! Understand facts in the context of big ideas 

–! Organize knowledge to facilitate retrieval  

 and application 

•! Utilize metacognitive approaches to instruction 

      

Evidence Leading to Best Practice 

•! Opportunity to Learn  

•! Student Achievement 

•! Science/Inquiry – Literacy Connection 

A Field Trip to El Centro, California 
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Where is El Centro? 

El Centro 

Our Community and Students 

In Imperial County 

•! Mean income $16,322 

•! Poorest of all 58 counties  

 in California 

•! 30% unemployment rate 

•! 22,500 students in 14 Districts 

In El Centro 

!!13,200 K-12 students 

!!9 elementary, 2 middle, 2 high school  

!!All Title I, School-wide Project Schools 

!!77% Free/Reduced Lunch 

!!61% English Language Learners 

!!10% Migrant 

!!81% Hispanic, 12% Caucasian,  

  4% African-American, 3% Asian 

 Student Achievement – Imperial County, CA 
•! Stanford Achievement Test:  Science Scores 

1998-99 NPR - Sorted by Years in Program 

  Years   Gr4   Gr6   

  CUM   36   40   

      0    21   27    
     n=137   n=174    

      1    32   32    
     n =150   n=121    

      2    38   42    
     n=141   n=132   

      3    47   50 
     n=111   n=107 

      4    53   64 
     n=91   n=104   
   Amaral, O., Garrison, L. and Klentschy, M. (Summer 2002).  Helping english learners increase 

       achievement through inquiry-based science instruction.  Bilingual Research Journal,  26:2, 213-239. 

Student Achievement – Imperial County, CA 

•! TIMSS Secured Multiple Choice:  Science Scores 

2000-2001   Mean Raw Scores- Sorted by Years in Program 
  Years    Gr7   Gr8        Gr7/8 
  CUM    9.4   11.1   10.2 

      0    8.7   10.0    9.5 
     n=48   n=107   n=155  

      1    8.9   10.5    9.7   
     n =136  n=103   n=239  

      2    9.0   10.7    9.8   
     n=168   n=112   n=280   

      3    10.4   11.1   10.7 
     n=125   n=90   n=215 

      4    11.0   13.3   12.7 
     n=84   n=93   n=177 

     p<.023  p<.001  p<.01  
   

UC Eligibility Rate for Underrepresented Students 
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College going rate to any California College from 
known high schools in California 2003 

46% State Average 

68% Imperial County  

For additional information on this research and how 
a strong inquiry based science program also 
increased achievement scores in reading and 
mathematics… 

http://brj.asu.edu/content/vol26_no2/pdf/ART2.PDF 

Amaral, O., Garrison, L. and Klentschy, M. (Summer 2002).  Helping 

english  learners  increase  achievement  through  inquiry-based 

science instruction.  Bilingual Research Journal,  26:2, 213-239. 

Recent Evidence 
   In  a  study  with  more  than 1200 5th  graders  using  a 

process  of  scaffolded  guided  inquiry  with  embedded 
writing  strategies  experimental  group  students 
significantly  outperformed  the  control  group  who 
received  regular  instruction  using  just  kits  and  just 
testbooks  on  posttest,  state  science  standards  scores 
and writing scores.   

–! EL  closed  achievement  gap  with  EO  students  in  experimental 
group 

  At a middle school with 288 8th graders (99.7% Free and 
Reduced Lunch, 77.8% EL), a similar method was used.  
63% of the students scored Proficient or Advanced on 
the  2006  administration  of  the  California  Science 
Standards Test.   

   (Vanosdall, Klentschy, Hedges and Weisbaum, 2007 

   (Klentschy and Thompson, 2008) 

Overview - Framework 

Learning language in the context of science is crucial.  

Language and content learning are inseparable. 

Sentence 

Structure 

Function 

Words 

Lexicon of 

Science 

Discourse of Science 

Why integrate science and literacy? 

•! There is evidence that an integrated 
approach is beneficial for student 

achievement in both science and literacy 

•! Science provides a context for reading, 
writing and talk 

•! Has potential for EL student development 
of academic language 

•! Inquiry strategies and comprehension 
strategies are similar 

Inquiry and Comprehension 

•! Posing questions 

•! Making predictions 

•! Setting goals and making plans 

•! Visualizing and using mental models 

•! Making inferences 

•! Synthesizing information from multiple 
sources 

•! Making evidenced-based conclusions 
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What About EL Students? 
•!ELD Strategies 

•!SIOP – Sheltered Instruction Observation Protocol 

•!CALLA -Cognitive Academic Language Learning Approach 

•!Academic Content Language Development 

   Literacy Strategies Used for Science Learning 

Cues 

Think-Alouds 

KWL 

Sentence Starters 

Think – Pair - Share 

Summarizing 

Reciprocal Teaching 

Visuals 

Frayer Model 

Concept-Mapping 

CLOZE 

Science Notebooks 

Science Inquiry 

           Science Reasoning 

Science Talk            Science Writing 

Science 

Investigation 

Talk 

When students talk about science, they 

•! Clarify and develop their thinking and ideas 

•! Hear the thinking and ideas of others 

•! Consider and evaluate multiple perspectives 
and ideas 

•! Reconsider their ideas 

•! Challenge a current idea or thinking 

•! Support and rehearse their ideas for writing 

Making Connections 

•! It is important for instruction to focus 

on connecting new words with what 

students already know. 

•! Cognates (liquid – liquido) 

Cognates 
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Words Are Concepts 

Recognition 

Recognizing word when it 
is heard or read. 

Definitional 

Knowing what the word 
means. 

Relational 

Understanding how the 
word is related to other 
words. 

Contextual 

Being able to use the 
word in various 
appropriate contexts. 

Kit Inventory Objectives 

•!Vocabulary development

•!Oral language practice 

•!Active experiences 

Kit Inventory “Big Idea” 
•! Introduction to unit 

•! Where have you seen this before? 

•! What color is it? 

•! What will we use this for in the unit? 

Kit Inventory Working Word Walls and Charts 

•!Comprehensible input 

•!Scientific vocabulary 

•!Kit vocabulary 
•!Facilitates notebook entries 
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Labeling                      Comparison  
                                     Charts 

CLOZE Paragraph        Venn Diagrams 
Concept Mapping – Declarative Knowledge 

•!    SEI Classroom 
–! 10 or fewer terms 

–! relationships 

–!misconceptions 

Student Work 
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Benefits 
Oral Language Development 

•! Precise science terminology,  

    Academic Content Language 
Development (ACLD) 

•! Introduction and repetition of 
vocabulary 

•! Word walls 

•! Oral presentations 

•! Posing questions 

•! Appropriate framing in grammar 
structures 

•! Association of vocabulary to 
items in real world context 

Benefits - Reading 

•! Repeating 

•! Sequencing 

•! Predicting 

•! Comparing 

•! Contrasting 

•! Inferring 

•! Analyzing 

•! Summarizing 

Science-Literacy Connection 

•! Best Practices 

•! Research-Based Strategies 

•! Lessons Learned 

Evidence from Imperial County, California 
•! Stanford Achievement Test:  Reading Scores 

–! Study found that students who received 4 years of exposure 
to  a  systemic  science  program  (1996-1999)  scored 
significantly higher on the SAT 9 Reading subtest compared 
to  students  who  did  not  receive  the  science  instruction.  
Mathematics and writing scores were also positively affected 
and mirrored the gains in reading. 

–! Opportunity  to  learn  in  the  systemic  science  program 
produced  achievement  results  that  closed  the  reading 
achievement gap between EO and ELL students. 

–! In all cases, a positive relationship was found between the 
number  of  years  of  participation  in  the  systemic  science 
program and SAT 9 Reading Score gains 

Strengthening Lesson Planning 

Achieved 

Curriculum 

Intended 

Curriculum 

Implemented 

Curriculum 

Scaffolding Guided 
Inquiry 

Not Aligned 

Intended 

Curriculum 

Implemented 

Curriculum 

Achieved 

Curriculum 

Aligned 

Based on Marzano (2001) 

 Before 



The Impact of Inquiry-Based Science 

Programs on Student Achievement, English 

Learners, and Closing the Achievement Gap  

 Dr. Michael Klentschy 

                   mpkdr@aol.com 8 

Scaffolded Inquiry 

Open Inquiry 

Guided Inquiry 

Directed Inquiry 

Teacher Demonstration 
Herron, 1971 

National Research Council, 2001 

How Students Learn Science 
National Research Council (2005) 

•! Engage to activate prior knowledge 

•! Develop competence 

–! Deep foundation of factual knowledge 

–! Understand facts in the context of big ideas 

–! Organize knowledge to facilitate retrieval  

    and application 

•! Utilize metacognitive approaches to instruction 

Science - Literacy 
•! Notebooks 

Things to Consider About Notebooks 

•! Best Record of 

–!Lesson/Unit Implementation 

–!Student Performance 

•!Quality of communication 

•!Conceptual and/or procedural 
understanding 

–!Teacher Feedback 
Ruiz-Primo, Li and Shavelson, 2002, Looking Into Student Science Notebooks:                                 

What Do Teachers Do With Them?  CRESST Technical Report 562. 
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Science and Children, Nov/Dec 2004 

Science and Children (Nov/Dec 2005) 

Benefits - Writing 
•! Expository genre is reinforced 

•! Use of precise language 

•! Language is connected to students’ immediate 

experiences 

•! Enhancing writing conventions 

What should a science notebook contain? 
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Components and Criteria 

•! Question/Problem/Purpose 

•! Prediction 

•! Planning 

•! Data/Observations 

•! Claims and Evidence 

•! Conclusions 

•! Reflection 

FOCUS QUESTION 

Is a simple question directly related to the 

scenario that can be investigated with 

results that can be communicated. 

Cannot be answered “yes” or “no”. 

•!“How can we find out … ?” 

•!“In which order … ?” 

•!“What does … ?” 

PREDICTION 

Is a reasonable explanation by the learner 

as to the result of the investigation.  Using 

“because” also activates prior knowledge.  

“If ……….  then …… will happen because…..” 

Or 

“I think ……. will happen because ……” 

Prediction using “because” 
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PLANNING 

General Plan 
•!What should be changed?  
•!   (independent variable) 
•!What should be kept the same? 
•!   (controlled variable) 
•!What kind of effect will be observed/measured? 
•!   (dependent variable) 

Operational Plan 
•!First … 
•!Second…. 
•!Third… 
•!Next… 
•!Finally…. 

Data Organizer 

STC  

MEASURING TIME 
 Grade 6 

DATA, DRAWINGS, GRAPHS 
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Frayer Model 

Adaptation of Frayer 

Making Meaning Conference 

•! What patterns can we see from our data? 

•! What about the outliers? 

•! What claims can we make? 

•! What evidence do we have to support our 

claims? 

Writing Claims Supported by Evidence 

I claim that    I claim this because 

I know that    I know this because 

How does the evidence support your claim?  

How was the evidence sufficient? 
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CONCLUSION 

Look at your prediction again. 

How did the evidence support your 

prediction?  

Do you wish to affirm or revise your 

prediction?  Why? 

My evidence confirms my prediction 

because….. 

My evidence does not confirm my 

prediction because… 

CONCLUSION 

Write a concluding sentence using one 
of the stems:   

“Today I learned … .”   

or   

“In conclusion, … .” 

REFLECTION 

What if …?   

What really surprised me about this investigation was … ?  

A new question I have now is… ?  

I want to know more about ... ? 

I am confused about … ? 

Think about the investigation we just completed.  Use 

one of the stems below to write a reflection regarding 

the investigation. 
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